Introduction
Hydrocarbons constitute a m ajor com ponent of in sect surface waxes [1] . The surface lipid layers of insects have im portant physiological functions e.g. 1. restricting water movement through the cuticle to prevent desiccation of the insects, 2 . protecting the insects against being infected by microorganisms and 3. may play an important role in chemical com m uni cation. The interest in insect hydrocarbons increased significantly when differences were observed in them with ageing and between sexes [2, 3] , Thus, at least some of the hydrocarbons have semiochemical func tions [4, 5] . The semiochemical functions include sex attractants and aphrodisiacs, species and cast recog nition cues, territory marking, recruitm ent and alarm pheromones, defense secretions and kairom ones [6] , Many defense secretions of insects contain paraffinic and olefinic terpenes [7] .
Complex mixtures of normal and methyl branched alkanes have been reported in many insects. Among them, mono-, di-and trim ethylalkanes with term inal (position 2 or 3) and internal branching have been reported [8 , 9] .
Unlike many thoroughly investigated insects, little has been done in studying the common potato ver min Colorado beetle. In this work we present the results of the study of Colorado beetle surface lipids by gas chromatography and gas chromatographymass spectrometry.
Results
The epicuticular hydrocarbons am ount to 1 mg/in sect which adds up to 13% of total lipid extract. But it seems that methylene chloride might be penetrat ing inside the insect and extract triglycerides, too. Thus, the figures for lipids might not be representa tive for cuticular layers alone. According to L. L. Jackson [10] the ratio of epicuticular hydrocarbons to internal hydrocarbons was 28:1.
Chrom atographic separations of hydrocarbons ( Fig. 1) indicate the presence of more than 30 hy drocarbons in the range of 2700 to 4000 units of Kovats retention indices. The mass fingerprinting by field desorption mass spectrometry (Fig. 2 ) reveals hydrocarbons with carbon numbers ranging from C2g to C40. The m ajor components consist of 29 (11% ), 30 (25% ), 31 (10.5% ), 32 (12.5%) and 37 (12.5% ) carbon numbers. As no «-alkanes were found by coinjection of the standards, the mixture seems to be composed solely of branched hydrocarbons.
The structural assignment of the individual hydro carbons was made on the basis of mass spectrom etry (GC-M S), Kovats retention indices and their differ ences on liquid phases Dexsil 300 and OV-1. The four homologous series of branched chain alkanes The Kovats retention indices of hydrocarbons on both liquid phases, Dexsil 300 and OV-1, are in cluded in Table I. G roup recognized hydrocarbons by gas chrom atog raphy were later positively identified by mass spec trom etry. U pon electron impact branched hydrocar bons fragment by cleavage on either side of the methyl branch to give two m ajor ions with an odd mass num ber (C"H2"_i) and two ions with an even mass num ber (C"H2") [13, 14] . The ratio of the inten sity of odd and even ions formed is controlled by the chain length and additional branching [15] .
H ow ever, often some branching positions may be undistinguishable. The close similarity of the mass spectra of 2-methyloctane and 2 ,6-dimethylheptane is a good example [13] . Furtherm ore, a serious difficulty was encountered in distinguishing betw een asymmetrical and symmetrical substitution (Scheme 1). In this case the mass spectra may ex- hibit identical pairs of complementary ions only, e.g. 337 + 113, corresponding in nominal mass to M +28 and signals at M -15+ and M -4 3 +, which re veal that 2-methyl substitution is negligible. In these cases both structures were proposed in our discussion ( Fig. 3 -6 ) . D ue to the difficulties in separation, some GC peaks were found to be the mixtures of closely re lated compounds. In such cases the retention indices were used to predict the tentative structure and molecular weight. Later the positive identifications by mass spectrom etry were perform ed. Some dis crepancy may be encountered about the identity of GC peak 22. The mass spectrum may be ascribed to a mixture of dimethylalkanes (M. W. 506) and tetramethylalkanes (M. W. 520). Kovats retention index alone on a Dexsil 300 column does not distinguish them because it may correspond to a shift of 100 or 200 units. However, we believe that this is a tetramethylalkane because of 14 units difference for Dex sil 300 and OV-1 as well as the intensive ion of m/z 520 in the FD mass spectrum of the hydrocarbon mixture.
In this way the m ajor individual hydrocarbons were identified. They are listed in Table I .
Discussion
Two serious problems are encountered in the study of a cuticular hydrocarbon mixture, namely 1 . achievem ent of a sufficient separation to be sure that a GC peak corresponds to a single component and 2 . accomplishing an unambiguous structure iden tification. These studies should be supported by synthesis to confirm both positive identification and biological activity. The first two problems of Col orado beetle cuticular hydrocarbons are the subjects of the present study. During the study a capillary column with Dexsil 300 was used, which was earlier found to be the most efficient liquid phase for sep aration of isoalkane mixtures [11] . We believe this is true for the m ultibranched hydrocarbons as well.
The structure identification methods used in this study represent the state of the art for such compli cated mixtures on a microgram scale.
The cuticular hydrocarbons of Colorado beetle considerably differ from those of most other insects so far investigated. The mixture consists of mono-, di-, tri-and tetram ethylalkanes ranging from C28 to C40 without a trace of rc-alkanes, which are the m ajor constituents of plant cuticular hydrocarbon mixtures including potatoes [16] . These have been found as the common constituents of insect cuticular lipids where the odd chain length predom inates. According to M. von A rdenne et al. [17] larvae of potato beetle contain hydrocarbons of surprisingly high molecular weight, particularly tetrapentacontane (C54H 110), pentapentacontane (C55H 112) and heptapentacontane (C57H 116). Although the results need to be confirmed by m odern methods, a conclusion can be drawn. Both larvae and adult insects do not show a structur al relationship between food and native hydrocar bons, which suggests an insect biosynthetic process providing these compounds.
Unlike some insect cuticular lipids [2] those of potato beetles do not contain unsaturated hydrocar bons.
The most abundant com ponents of the cuticular lipids of Colorado beetle are branched hydrocar bons of 29 (2-methyloctacosane), 30 (11,18-and/or 2,18-, 7,22-and/or 2,6-dim ethyloctacosane), 32 (7,24-and/or 2,6-dim ethyltriacontane) and 37 car bon atoms (3,10,16,21-tetram ethyltritriacontane).
Terminally branched m onom ethylalkanes include two 2-methylalkanes. Similarly to literature data [8] their chains consist of an even num ber of carbon atoms. The additional methyl group adds up to an odd carbon number. Both 2-methylalkanes are the members of homologous series separated by two methylene groups.
Internally branched m onom ethylalkanes represent minor components of the hydrocarbon m ixture. They have been found to be odd (C29, C31, C33) and even (C30, C32, C34) carbon num ber hydrocarbons, with even and odd carbon num bers of the main chain. The positions of branching were at even (10 or 1 2 ) and odd (11, 13, 15, 17) carbon num bers, respectively.
Positively identified dimethyl-and trimethylalkanes of the epicuticules of the potato beetle have been found to be considerably different from those ever since found in an insect. The main feature of dimethylalkanes already found in insects is the sep aration by 1, 3, 5 , 1 ,9 , 11 or 13 methylene groups of the branching position but the num ber of carbon atoms in the chain is odd. Many dim ethylalkanes show isoprenoid spacing, in which the first methyl branch is positioned at an odd carbon num ber while the second methyl branch occurs three methylene units further along the chain. The distance in methyl branching is consistent with the incorporation of methylmalonyl-CoA in place of a malonyl-CoA in the biosynthetic process [5] . In contrast those of Col orado beetle possess a chain with an even num ber of carbon atoms showing the first branch at odd or even carbon num bers and the second one at an even car bon atom , which causes the even or odd num ber of carbon atoms in between. This is difficult to be ex plained by incorporation of 3 carbon atom units by methylmalonyl-CoA in the biosynthetic process.
Some dimethylalkanes proposed in the Colorado beetle lipids reveal symmetrical positions of methyl branches e.g. 11,18-dimethyloctacosane and 7,22-dimethyloctacosane. These consist of a homologous series of C30 and C32 hydrocarbons. The structural assignment is tentative and a positive identification will be obtained from a comparison with synthetic compounds. The symmetrical compounds might be biosynthesized via head-to-head condensation.
As we m entioned before, certain dimethylalkanes could only be identified by their retention indices. For instance, the E l mass spectrum of the most abun dant GC peak 6 reveals only one pair of comple m entary ions, 112/113 and 336/337. This might sug gest 7-methylnonacosane. But the Kovats retention index of 1 = 2900 precisely indicates the dimethylalkane structure.
Although trim ethylalkanes have not often been identified in insect lipids, we found two mixtures of homologous trimethylalkanes of 35 and 37 carbon atoms.
According to our knowledge, tetram ethylalkanes have not been found so far in cuticular insect lipids. The structural proof is presented in the results sec tion. The tetram ethylalkanes identified have 35 and 37 carbon atoms and their main carbon chains are odd, too.
Many publications showed the possibility to use the composition of the hydrocarbon fraction for chem otaxonom y of insects. The highly branched long chain alkanes (Table I) seem to be a charac teristic feature for this insect species.
Materials and Methods
A dult Colorado beetles (males and females) were collected from wild populations in northeast-ern Poland in August 1978. Cuticular lipids were extracted by immersing the insects into methylene chloride. The total yield of lipid fraction was 1.5 g per 250 insects. Hydrocarbons were separated from the remaining lipids by eluting the extract with cyclohexane through a neutral A120 3 column (75x2.5 cm). In this way 240 mg of a hydrocarbon mixture was obtained which constitutes 13% of the total lipid fraction. Hydrocarbons were separated by gas chrom atography (GC) on a 40 m capillary column with Dexsil 300 [11] (0.25 mm i.d., liquid phase film thickness 0.1 //m) or on a 40 m OV-1 capillary column. The separations were carried out with a Varian A erograph Model 1400 gas chrom ato graph, which had been modified for operation with a glass capillary column. The GC oven was pro gram m ed from 200 °C at 2 °C/min with a linear veloc ity of carrier gas (helium) of 16 cm/s (200 °C). Kovats retention indices (I) on Dexsil 300 and OV-1 col umns were determ ined at 240 °C and 270 °C. The retention indices were measured within an error of ± 1.0 unit for k' greater than 5.
Electron impact mass spectra were recorded on a V arian M A T 311 A mass spectrom eter at an ioniza tion energy of 70 eV. The sample was introduced by GC-MS using a Dexsil 300 capillary column. The col umn was coupled to the mass spectrom eter by an open split interface [18] , Field desorption fingerprinting of the sample was perform ed with a V arian M AT 711 mass spectrom e ter equipped with a combined FD-FI-EI source.
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